Background
==========

A continuous challenge in rehabilitation after a hand injury is to find evidence for the best treatment methods and routines to help patients back to their previous life and daily occupations. Patients with severe or major hand injuries need specialised medical and surgical treatment and continuous rehabilitation for a long period of time. The patients may experience reduced hand function, difficulties to perform daily occupations, and reduced health-related quality of life \[[@B1]-[@B4]\]. Performing daily occupations independently, and with satisfaction \[[@B5]\], may take time and include a variety of coping strategies \[[@B6],[@B7]\]. Health-related quality of life has proven to be a valuable outcome to assess the impact of a disease or injury and mirrors the patients\' own perspective \[[@B8]\]. Hand injuries may lead to substantial long-term disability \[[@B9]-[@B11]\] and psychological distress \[[@B6],[@B12]\]. Not only the severity of an injury or disease can have a negative effect on outcome and a person\'s ability to master their daily occupations, but other factors, like the severity of injury and the patients\' sense of coherence, may influence as well \[[@B13]\].

Sense of coherence (SOC) is a salutogenic theory introduced by Antonovsky \[[@B14],[@B15]\]. It consists of three dimensions; comprehensibility, manageability and meaningfulness. With a salutogenic approach, factors influencing health are in focus in contrast to a pathogenic approach that focuses on the risk factors for disability. Antonovsky describes SOC as a disposition rather than a personality trait and claims that the way people view their life influences their health \[[@B15]\]. According to Eriksson and Lindström, SOC seems to be a health promoting resource \[[@B16]\] influencing QoL \[[@B17]\]. Higher SOC has also been reported to result in a more positive development of life satisfaction \[[@B18]\] in persons with mental health problems. In patients with moderate orthopedic injuries it has been shown that low SOC was associated with an increased risk of having less good clinical and functional outcome \[[@B19]\]. However, to our knowledge, there are no studies of SOC in relation to rehabilitation outcome in patients who have experienced a severe acute hand injury. SOC can be used as an indicator for selection of treatment, information given, level of individual motivation and psychological support \[[@B20]\]. We therefore regarded SOC as a possible factor of interest for future improvement in the rehabilitation of patients with serious hand injuries. Few studies have focused on the results and factors influencing outcome after the most serious hand injuries \[[@B21]-[@B23]\]. Our objective was to explore outcome and clinical changes in hand function, satisfaction in daily occupations, sleep disturbance, health and quality of life in consecutive patients after a severe or major hand injury. Our objective was also to investigate possible differences between groups according to severity of injury, presence of peripheral nerve injury and the patients\' sense of coherence.

Methods
=======

The study design was quantitative using self-administrated questionnaires of consecutive participants who were included in an ongoing longitudinal study of patients with a severe or major hand injury being followed up after 3, 6, and 12 months.

Participants
------------

Participants able to communicate in Swedish and aged 16-65, with a major hand injury, based on Hand Injury Severity Score (HISS) with scores \>100 \[[@B24],[@B25]\] were recruited consecutively from our department during 2005-2007. In addition, due to a slow recruitment of participants with major hand injuries during the two years of inclusion, a number of randomly selected patients with severe injury (approximately every tenth patients) with HISS scores \>50 were also included. The patients were given written and verbal information about the study and were asked to participate in the study. A written informed consent was obtained. Hand and forearm injuries caused by suicide attempt, and patients with a known severe psychiatric disorders or drug abuse were excluded. A total of 45 participants, 35 with a major and 10 with a severe hand injury were included in the study of which 36 were men and 9 were women. All patients were treated according to the latest evidence in the field of hand surgery and rehabilitation. The individual patients were treated according to the extent and nature of the injury and the decision of the consultant. The patients were followed up during three months or more. Rehabilitation included occupational- and physical therapy and contact with social worker. After 3 months all patients were allowed to use their hands with no restrictions. There was a single dropout: one patient\'s questionnaire was missed at 3 months. The characteristics of the participants are described (Table [1](#T1){ref-type="table"}).

###### 

Characteristics of the subjects included in whole group and subgroups.

  -----------------------------------------------------------------------------------------------------------------------------------------------
  Characteristics of the subjects         Whole group\   Peripheral nerve injury\   No peripheral nerve injury\   High SOC ≥ 68\   Low SOC\
                                          n = 45         n = 17                     n = 28                        n = 23           (\< 68)\
                                                                                                                                   n = 22
  --------------------------------------- -------------- -------------------------- ----------------------------- ---------------- --------------
  Age (y), median (range)                 42 (16-64)     32 (16-58)                 46 (19-64)                    43 (19-64)       35 (16-63)

  Gender, male/female (n)                 36/9           13/4                       23/5                          17/6             19/3

  HISS score, median (range)              154 (52-414)   140 (52-225)               159 (73-414)                  140 (52-310)     161 (80-414)

  Severity, major/severe injury (n)       35/10          11/6                       24/4                          16/7             19/3

  Dominant/non-dominant hand injury (n)   21/24          8/9                        13/15                         9/14             12/10

  Manual/non-manual worker (n)            31/14          14/3                       17/11                         14/9             17/5
  -----------------------------------------------------------------------------------------------------------------------------------------------

Assessment instruments
----------------------

A self-administered and study specific questionnaire, including demographic data, perceived hand- and body functions and a number of standardised questionnaires was sent out to the participants by post at 3, 6, and 12 months post trauma. The questionnaire covered several areas of interest such as subjective pain, joint mobility, sensibility, grip strength, dexterity, sleep disturbance, cold sensitivity, satisfaction in daily occupations, health status, disability, and physical and mental quality of life. Questions concerning sense of coherence were included at 6 months.

### Demographic data

Demographic data on age, gender, HISS score, severity of injury, dominant or non-dominant hand injury, and type of occupation were registered.

Hand Injury Severity Score (HISS)
---------------------------------

The Classification by Cambell and Kay (HISS) was used to classify the severity of the injuries. HISS is an objective anatomical assessment specifically designed for hand injuries. The hand injuries can be divided into four broad categories, such as \"Minor\" (least injury), \"Moderate\", \"Severe\", \"Major\" (worst injury). HISS is based on which tissues and which fingers that are affected by the injury \[[@B24],[@B25]\].

### Hand function, sleep disturbance and cold sensitivity

Six questions regarding hand and body function: such as pain, joint mobility, sensibility, grip strength, dexterity and sleep disturbance, were quantified using a visual analogue scale (VAS). The questions were formulated for example as \"Describe your pain\". The 10 cm scale extremes were 0 = no pain to 10 = worst possible pain or \"Describe your grip strength, 0 = best possible grip strength to 10 = worst possible grip strength. Higher score indicates more reduced hand function. Cold sensitivity was also measured using the Cold Sensitivity Severity (CSS) scale \[[@B26],[@B27]\], which includes four questions of situations in the home that may cause cold-related symptoms: \"How much does cold bother your injured hand\...\" with a score ranging from 0 = not at all to 10 = extreme. Total score ranging from 0-40.

### Daily occupations

Satisfaction in daily occupations was measured with the *Satisfaction with Daily Occupations (SDO)*instrument, a screening tool with demonstrated good psychometric properties \[[@B5],[@B28]\]. The instrument was originally developed for people with mental disorders, but has satisfactorily been used for patients with scleroderma \[[@B29]\]. SDO consists of nine questions covering work (4 items), leisure activities (2 items), domestic tasks (2 items), and self-care (1 item). Each question consists of a two-part answer. One question, participation in community-based activity centres, was not used in this study as it was not relevant to this group of patients. Two types of score can be calculated with SDO. Only one score, satisfaction on daily occupations, was used. The scores ranges from 1 = worst possible satisfaction to 7 = best possible satisfaction. The scores are expressed as a sum of satisfaction ratings. Higher score indicates higher satisfaction for the person and the possible range (based on 8 questions) is 8-56.

### Health and quality of life

To measure health outcome, the EuroQol EQ-5D was used \[[@B30],[@B31]\]. The EQ-5D is divided into three parts; descriptive system, visual analogue scale (VAS), and index. The EQ-5D VAS measuring perceived health was used. The VAS scale is a 20 cm vertical thermometer and has an endpoint of 100 (best imaginable health state) at the top and 0 (worst imaginable health state) at the bottom. The patient rates his or her current health by drawing a line from the box marked \"your own state of health today\" to a chosen point on the EQ-5D VAS thermometer. Higher score indicates a better health.

The *disabilities of the arm, shoulder and hand (DASH)*is a region-specific and standardized questionnaire \[[@B32],[@B33]\]. It is based on the WHO model of health and assess impairments, and activity limitations and participation restrictions for both work and leisure activities. The questionnaire covers 21 daily activities, and 9 symptom questions and questions related to self-image and social functioning. Response options range from 0: no difficulty to 5: unable. The DASH score ranges from 0-100 with 0 indicating no disability and 100 signifying most severe disability.

The Medical Outcome Study (MOS) 36-item short form health survey (SF-36) is a self-administered generic instrument that measures health-related quality of life \[[@B34]\]. There are eight domains divided into a physical component scale (physical functioning, role-physical, bodily pain, general health) and a mental component scale (vitality, social functioning, role-emotional, mental health). The results within each domain ranges from 0 (poor health) to 100 (optimal health) and can be reported separately, or summed as physical- and mental domain score and compared with normative data. Higher score indicates a better health status. The Swedish version was used in this study \[[@B8]\]. The patients were compared to a population norms (Sweden) from age and gender matched individuals (n = 1180) obtained from the Swedish SF-36 database for population norms (n = 8930) \[[@B8]\].

### Sense of coherence

Sense of coherence (SOC) was assessed with Antonovsky\'s short 13-item scale \[[@B15]\] in a Swedish version \[[@B35]\]. The SOC questionnaire reflects a person\'s capacity to cope in a stressful situation and a disposition towards seeing the world as comprehensible, manageable and meaningful \[[@B15]\]. The scores on each item ranges from 1 (never) to 7 (very often). The total score range is 13-91. High scores indicate a strong SOC. Normative data from published studies using SOC-13 ranges from mean values (MD) 58.5 (12.1) to 68.7 (10.0) \[[@B36]\]. The median SOC value of the whole group in this study was 68. A pre-injury measure of SOC was not relevant in the present study as the patients were referred acutely. Therefore, we chose to assess SOC at six months due to no restrictions in using their hands and that half of the patients were back at work.

Data analysis
-------------

Almost all variables are presented as median (range). However, to present descriptive outcome for SF-36 mean values (standard deviation, SD) were used to facilitate comparisons with previous studies. For analyses non-parametric tests were used since almost all items were measured with ordinal scales, the study sample was small, and most variables not normally distributed. Friedman\'s test was used to detect differences over time (3-6-12 months) with the VAS-score, CSS, SDO, EQ-5D VAS, DASH and SF-36. Mann-Whitney U-test was used to detect differences between subgroups. Wilcoxon signed rank test was used to detect differences between patients with high/low SOC and the population norms. Z-scores (individual value minus mean value of populations norms divided by SD from the population norms) were calculated for all SF-36 parameters at 12 months. Responsiveness of hand function, sleep disturbance, satisfaction in daily occupations and health and quality of life was expressed as effect size. Effect size for SF-36 was calculated with mean change in score, between 3-12 months divided by standard deviation of the three months score \[[@B37]\]. As an alternative, effect size was also calculated as median change in score divided by interquartile range. According to Cohen\'s criterion (p. 40), an effect size of ≤ 0.20 is considered small, 0.50 moderate, and 0.80 large clinical changes \[[@B38]\]. For correlations, Spearman (r~s~) values were calculated. A correlation above 0.75 is generally described as good to excellent relationship, 0.50-0.75 moderate to good, 0.25 to 0.5 fair and 0.00-0.25 little or no relationship \[[@B39]\]. A multiple regression analysis was done to evaluate factors explaining change in different variables at 6 and 12 months. The median SOC score of 68 was used to dichotomize the study population in order to reveal any differences between high/low SOC. The statistical analysis was performed with SPSS version 17.0 for Windows (SPSS Inc., Chicago, IL, USA). Eighteen measured areas of interest were analysed at three different occasions; 3, 6 and 12 months after the injury and 54 statistical tests were performed. The significance level was set at p ≤ 0.05. Considering a risk of mass significance the results at a stricter significance level of p ≤ 0.01 is pointed out.

Ethics
------

Approval of the study was obtained from the Ethics Committee, Lund University, Sweden (714/2004).

Results
=======

Outcome and clinical changes 3, 6 and 12 months after a hand injury
-------------------------------------------------------------------

### The whole group

Self assessed outcome, such as joint mobility, sensibility, grip strength, and dexterity, improved significantly from 3 to 12 months for the whole group (Table [2](#T2){ref-type="table"}). Satisfaction with daily occupations (SDO), health (EQ-5D VAS, DASH), and quality of life (SF-36), especially physical functioning, role physical and bodily pain, also improved significantly (Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}). No significant differences were noticed for pain, sleep disturbances, cold sensitivity, general health or any of the four mental components in SF-36.

###### 

Subjective outcome concerning hand function, satisfaction in daily occupations, and health (n = 45).

                                                   Major and severe hand injuries n = 45 (median, range)                                             
  ------------------------------------------------ ------------------------------------------------------- --------------- -------------- ---------- -----
  Pain (VAS)                                       2.7 (0-9.5)                                             2.4 (0-8.2)     2.0 (0-8.4)    0.270      0.2
  Joint mobility (VAS)                             6.2 (1.5-10)                                            5.4 (0-10)      4.6 (0-10)     0.019      0.5
  Sensibility (VAS)                                6.5 (0.5-10)                                            5.2 (0.7-10)    4.3 (0-10)     0.004      0.7
  Grip strength (VAS)                              7.2 (0.6-10)                                            6.1 (0.5-10)    5.4 (0.2-10)   0.002      0.6
  Dexterity (VAS)                                  8.0 (1-10)                                              6.5 (0-10)      5.8 (0-10)     0.005      0.7
  Sleep disturbance (VAS)                          1.0 (0-10)                                              0.5 (0-10)      0.4 (0-8.8)    0.402      0.1
  Cold sensitivity (CSS)                           15 (0-33)                                               15 (0-31)       13 (0-40)      0.686      0.0
  Satisfaction in daily occupations (SDO)          35 (12-50)                                              38 (16-56)      42 (12-56)     0.001      0.4
  Health status (EQ-05 VAS)                        70 (1-100)                                              70 (15-100)     79 (14-100)    \< 0.001   0.3
  Disabilities in the arm, shoulder, hand (DASH)   30 (1.7-79.2)                                           18 (0.8-60.8)   13 (0-56.7)    \< 0.001   0.9

^a^Friedman\'s test. ^b^Effect size measure for VAS, CSS, SDO, EQ-05VAS and DASH was calculated with median change in score divided by interquartile range. VAS (0-10) higher score indicates more reduced hand function, CSS (0-40) higher score indicates more reduced hand function, SDO (8-56) higher score indicates higher satisfaction, EQ-05VAS (0-100) higher score indicates a better health and DASH (0-100) higher score indicates more severe disability.

###### 

Subjective outcome concerning quality of life (n = 45).

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Quality of life (SF-36)   Three months\   Six months\   Twelve months\   **Group Differences**^**a**^\   **Effect size**^**b**^\   **Population norms**^**c**^\   **Z score**^**d**^**for comparison 12 m vs population norms**
                            n = 44          n = 45        n = 45           P-value                         3 m vs 12 m               SF-36                          
  ------------------------- --------------- ------------- ---------------- ------------------------------- ------------------------- ------------------------------ ---------------------------------------------------------------
  Physical Functioning      76 (13.9)       84 (12.4)     87 (12.6)        \< 0.001                        0.8                       91 (17.3)                      -0.2 (0.73)

  Role Physical             22 (31.9)       47 (41.0)     60 (40.0)        \< 0.001                        1.2                       87 (28.4)                      -1.0 (1.46)

  Bodily Pain               60 (23.3)       70 (20.0)     72 (23.8)        0.006                           0.5                       77 (25.4)                      -0.2 (0.95)

  General Health            77 (17.1)       76 (20.8)     77 (22.0)        0.978                           0.0                       78 (21.0)                      -0.0 (1.01)

  Vitality                  59 (19.5)       63 (22.2)     64 (20.0)        0.444                           0.2                       71 (22.0)                      -0.3 (0.92)

  Social Functioning        84 (20.7)       84 (22.4)     89 (19.2)        0.120                           0.2                       90 (18.6)                      -0.1 (1.02)

  Role Emotional            54 (44.3)       67 (42.0)     71 (38.0)        0.127                           0.4                       89 (25.6)                      -0.7 (1.49)

  Mental Health             72 (20.4)       72 (23.3)     75 (20.7)        0.592                           0.1                       82 (18.1)                      -0.4 (1.16)
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

^a^Friedman\'s test. ^b^Effect size for SF-36 was calculated with mean change in score, three months to follow up after twelve months, divided by standard deviation of the three months score. ^c^Population norms were obtained from the Swedish SF-36 database for population norms (n = 8930) and were age and gender matched with individuals (n = 1180). ^d^Z-scores (individual value minus mean value of populations norms divided by SD from the population norms) were calculated for all SF-36 parameters at 12 months. SF-36 (0-100) higher score indicates a better health status 0 (poor health) to 100 (optimal health).

Largest clinical changes (effect size ≥ 0.8) for the whole group were found in role physical and physical functioning in SF-36 (Table [3](#T3){ref-type="table"}), and in DASH (Table [2](#T2){ref-type="table"}). Moderate changes (≥ 0.5) were observed in joint mobility (VAS), sensibility, grip strength, dexterity and bodily pain (SF-36) (Table [2](#T2){ref-type="table"}). The patients\' outcome from SF-36 at 12 months were compared to a normal population randomly selected, gender and age matched reference group (n = 1180) from the Swedish SF-36 database for population norms (n = 8930). Despite a large positive clinical change (Effect size 1.2) in role physical for the whole group, it was that domain that differed most from population norms (Z-score -1.0) (Table [3](#T3){ref-type="table"}). Another domain that differed from population norms (Z-score -0.7) was role emotional.

### Subgroups

The whole group (n = 45) was divided into subgroups with respect to sense of coherence, presence of a major peripheral nerve injury (median, ulnar or radial nerve) and severity of injury (HISS).

#### Sense of coherence

Between the subgroups with high or low SOC, significant differences in outcome were found in 15 of the 18 measured areas of interest (32/54 variables) at 3, 6, 12 months follow-up. Participants with low SOC had on the whole a worse outcome compared to patients with a high SOC in all variables (Tables [4](#T4){ref-type="table"} and [5](#T5){ref-type="table"}). Sensibility, dexterity, and sleep disturbances (VAS), but also satisfaction in daily occupations (SDO), health status (EQ-5D VAS) and most variables in mental quality of life (SF-36), showed better values in patients with high SOC. No differences were found in cold sensitivity. Participants with a high sense of coherence (SOC) showed large clinical changes (0.8) at 12 months compared to baseline in role physical and satisfaction in daily occupations. Large clinical changes were in role physical and bodily pain among participants with low SOC (Table [5](#T5){ref-type="table"}). Role physical and role emotional concerns perceived difficulties performing work and other regular daily activities due to physical or mental problems \[[@B8]\]. The patients with high and low SOC differed with respect to the majority of the domains in SF-36 (Table [5](#T5){ref-type="table"}). We found differences in 5/8 domains in SF-36 in participants with low SOC compared to the population norms, while only 1/8 domains among the patients with high SOC differed (Table [5](#T5){ref-type="table"}). When the significant level was set at p ≤ 0.01, 12 of the 18 measured areas of interest (23/54 variables) were still significant at 3, 6, 12 months follow-up when compared to high/low SOC (Tables [4](#T4){ref-type="table"} and [5](#T5){ref-type="table"}).

###### 

Differences between patients with high (≥68) or low (\< 68) SOC and subjective outcome concerning hand function, satisfaction in daily occupations, and health.

  ---------------------------------------------------------------------------------------------------------------------------------------------
                                                   Median score (range)   **Group Differences**^**a**^\   **Effect size**^**b**^\         
                                                                          P-value                         3 m vs 12 m                     
  ------------------------------------------------ ---------------------- ------------------------------- ------------------------- ----- -----
  Pain (VAS)                                                                                                                              

   3 months                                        1.9 (0-9.5)            4.0 (0-7.9)                     0.059                     \-    \-

   6 months                                        1.7 (0-5.3)            3.0 (0-8.2)                     0.027                     \-    \-

   12 months                                       1.8 (0-5.0)            2.3 (0-8.4)                     0.294                     0.0   0.5

  Joint mobility (VAS)                                                                                                                    

   3 months                                        5.9 (2-9.5)            6.5 (1.5-10)                    0.383                     \-    \-

   6 months                                        5.2 (0-9.5)            5.5 (1.2-10)                    0.768                     \-    \-

   12 months                                       4.5 (0.5-8.8)          5.3 (0-10)                      0.650                     0.4   0.3

  Sensibility (VAS)                                                                                                                       

   3 months                                        5.1 (2.2-10)           7.4 (0.5-9.8)                   0.058                     \-    \-

   6 months                                        4.0 (0.7-8.5)          6.3 (1-10)                      0.007                     \-    \-

   12 months                                       4.0 (0-9.5)            5.7 (0-10)                      0.388                     0.3   0.6

  Grip strength (VAS)                                                                                                                     

   3 months                                        5.4 (0.6-9.5)          7.5 (2-10)                      0.043                     \-    \-

   6 months                                        6.0 (1.5-10.0)         6.2 (0.5-10)                    0.742                     \-    \-

   12 months                                       5.3 (1.6-9.0)          5.5 (0.2-10)                    0.750                     0.0   0.6

  Dexterity (VAS)                                                                                                                         

   3 months                                        6.6 (1-9.5)            8.2 (3.1-10)                    0.012                     \-    \-

   6 months                                        6.4 (0-10)             7.2 (3-10)                      0.433                     \-    \-

   12 months                                       5.2 (0-9.0)            6.9 (4-10)                      0.007                     0.3   0.8

  Sleep disturbance (VAS)                                                                                                                 

   3 months                                        0.5 (0-7.2)            3.0 (0-10)                      0.028                     \-    \-

   6 months                                        0.2 (0-8.4)            2.4 (0-10)                      0.015                     \-    \-

   12 months                                       0.0 (0-7.8)            1.7 (0-8.8)                     0.003                     0.1   0.2

  Cold sensitivity (CSS)                                                                                                                  

   3 months                                        14 (0.8-32.5)          16 (0-33.2)                     0.851                           

   6 months                                        15 (0-26.2)            16 (0-31)                       0.829                           

   12 months                                       13 (0-40)              14 (1.2-29.8)                   0.547                     0.1   0.1

  Satisfaction daily occupations (SDO)                                                                                                    

   3 months                                        38 (12-50)             32 (12-44)                      0.007                     \-    \-

   6 months                                        43 (23-56)             35 (16-52)                      0.014                     \-    \-

   12 months                                       45 (29-56)             40 (12-56)                      0.030                     0.6   0.5

  Health status (EQ-05 VAS)                                                                                                               

   3 months                                        79 (30-100)            60 (0-81)                       0.022                     \-    \-

   6 months                                        80 (50-100)            67 (15-85)                      0.002                     \-    \-

   12 months                                       90 (49-100)            72 (14-100)                     0.002                     0.4   0.5

  Disabilities in the arm, shoulder, hand (DASH)                                                                                          

   3 months                                        30 (1.7-52)            31 (9.2-79.2)                   0.265                     \-    \-

   6 months                                        12 (0.8-36.7)          22 (7.5-60.8)                   0.020                     \-    \-

   12 months                                       8.3 (0-45)             16 (1.7-56.7)                   0.069                     0.9   0.5
  ---------------------------------------------------------------------------------------------------------------------------------------------

^a^Friedman\'s test. ^b^Effect size measure for VAS, CSS, SDO, EQ-05VAS and DASH was calculated with median change in score divided by interquartile range. VAS (0-10) higher score indicates more reduced hand function, CSS (0-40) higher score indicates more reduced hand function, SDO (8-56) higher score indicates higher satisfaction, EQ-05VAS (0-100) higher score indicates a better health and DASH (0-100) higher score indicates more severe disability.

###### 

Differences between patients with high (≥68) or low (\< 68) SOC concerning quality of life.

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Quality of life (SF-36)   (Population norm ^a^\[SD\])\               **Effect size**^**b**^\   Z-score ^c^for comparison with population norms\                                          
                            Mean score (SD)                            3 months vs 12 months     Mean (SD)                                                                                 
  ------------------------- ------------------------------ ----------- ------------------------- -------------------------------------------------- ------- -------------- --------------- ----------
  Physical functioning      (91 \[17.3\])                                                                                                                                                  

   3 months                 76 (14.7)                      76 (13.4)   0.922                     \-                                                 **-**   **-**          **-**           

   6 months                 87 (11.6)                      81 (12.7)   0.064                     \-                                                 **-**   **-**          **-**           

   12 months                90 (8.65)                      84 (15.1)   0.117                     1.0                                                0.5     -0.0 (0.50)    -0.5 (0.87)\*   0.061

  Role Physical             (87 \[17.3\])                                                                                                                                                  

   3 months                 30 (35.9)                      14 (25.7)   0.157                     \-                                                 \-      **-**          **-**           

   6 months                 57 (40.1)                      38 (40.6)   0.122                     \-                                                 \-      \-             \-              

   12 months                77 (37.6)                      42 (34.8)   0.001                     1.3                                                1.1     -0.4 (1.39)    -1.6 (1.27)\*   0.002

  Bodily pain               (77 \[25.4\])                                                                                                                                                  

   3 months                 72 (22.0)                      48 (18.2)   0.001                     \-                                                 \-      \-             \-              

   6 months                 80 (19.0)                      59 (24.5)   0.005                     \-                                                 \-      \-             \-              

   12 months                80 (19.6)                      64 (25.5)   0.028                     0.4                                                0.9     0.1 (0.76)     -0.5 (1.03)     0.035

  General Health            (78 \[21.0\])                                                                                                                                                  

   3 months                 83 (14.1)                      70 (17.8)   0.014                     \-                                                 \-      \-             \-              

   6 months                 83 (17.5)                      69 (22.1)   0.036                     \-                                                 \-      \-             \-              

   12 months                84 (17.8)                      69 (24.0)   0.042                     0.0                                                0.0     0.3 (0.81)     -0.3 (1.12)     0.094

  Vitality                  (71 \[22.0\])                                                                                                                                                  

   3 months                 67 (19.1)                      51 (16.7)   0.007                     \-                                                 \-      \-             \-              

   6 months                 73 (19.1)                      52 (20.4)   0.002                     \-                                                 \-      \-             \-              

   12 months                74 (19.6)                      53 (14.4)   \< 0.001                  0.4                                                0.1     0.3 (0.81)     -0.8 (0.66)\*   \< 0.001

  Social Functioning        (90 \[18.6\])                                                                                                                                                  

   3 months                 91 (14.1)                      76 (23.7)   0.011                     \-                                                 \-      \-             \-              

   6 months                 94 (15.0)                      74 (24.8)   0.003                     \-                                                 \-      \-             \-              

   12 months                98 (7.71)                      80 (23.7)   0.008                     0.4                                                0.2     0.3 (0.44)\*   -0.5 (1.26)     0.021

  Role Emotional            (89 \[25.6\])                                                                                                                                                  

   3 months                 62 (44.0)                      46 (44.1)   0.251                     \-                                                 \-      \-             \-              

   6 months                 75 (37.9)                      58 (45.1)   0.148                     \-                                                 \-      \-             \-              

   12 months                83 (36.1)                      59 (37.0)   0.017                     0.5                                                0.3     -0.3 (1.42)    -1.2 (1.44)\*   0.035

  Mental Health             (82 \[18.1\])                                                                                                                                                  

   3 months                 82 (14.9)                      61 (20.2)   \< 0.001                  \-                                                 \-      \-             \-              

   6 months                 83 (16.7)                      61 (24.3)   0.001                     \-                                                 \-      \-             \-              

   12 months                85 (14.4)                      64 (21.0)   0.001                     0.2                                                0.1     0.1 (0.81)     -1.0 (1.19)\*   0.001
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

^a^Population norms were obtained from the Swedish SF-36 database for population norms (n = 8930) and n = 45 were age and gender matched with individuals (n = 1180). ^b^Effect size for SF-36 was calculated with mean change in score, three months to follow up after twelve months, divided by standard deviation of the three months score. ^c^Z-scores (individual value minus mean value of populations norms divided by SD from the population norms) were calculated for all SF-36 parameters at 12 months. SF-36 (0-100) higher score indicates a better health status 0 (poor health) to 100 (optimal health). ^d^Differences between high and low SOC (Mann Whitney). \* Different from the population norms (Wilcoxons Signed Ranks Test).

#### Presence of a major peripheral nerve injury

The participants were divided into groups with (n = 17) or without (n = 28) a major peripheral nerve injury in the arm (median, ulnar and radial nerve). Between the subgroups significant differences in outcome were found in four of the 18 measured areas of interest (4/54 variables) at 3, 6, 12 months follow-up. Participants with no peripheral nerve injury had a better recovery in sensibility (VAS p-value at 3 months = 0.02), joint mobility (VAS p-value at 12 months = 0.01), grip strength (VAS p-value at 12 months = 0.04) and social functioning (SF-36 p-value at v12 months = 0.02). When the significant level was set at p ≤ 0.01, one of the 18 measured areas of interest (1/54 variables) was still significant when compared to peripheral nerve injury/no nerve injury.

#### Severity of hand injury

The participants were divided into two groups with severe (HISS \> 50) and major (HISS \> 100) hand injury. Between the subgroups with severe or major hand injury significant differences in outcome were found in six of the 18 measured areas of interest (10/54 variables) at 3, 6, 12 months follow-up. Participants with a severe hand injury had a better recovery in health status (EQ-5D VAS p = 0.05 at 3, 6 and 12 months; DASH p = 0.01 at 3 and 6 months), physical functioning (SF-36 p = 0.02 at 6 and 12 months), role physical (SF-36 p = 0.03 at 12 months), mental health (SF-36 p = 0.005 at 3 months) and grip strength (VAS p = 0.05 at 12 months) than patients with a major injury. When the significant level was set at p ≤ 0.01 two of the 18 measured areas of interest (3/54 variables) were still significant when compared to severe/major hand injury.

### Correlations with SOC

Statistically significant correlation in the whole group between SOC and mental component scale (MCS p = 0.001; r~s~0.53), EuroQol (EQ-5D VAS (p = 0.001; r~s~0.53), satisfaction in daily occupations (SDO p = 0.001; r~s~0.49), and physical component scale (PCS p = 0.003; r~s~0.43) were observed. No other significant correlations were found. Correlations were also performed among the variables with significant differences between high and low SOC (Tables [4](#T4){ref-type="table"} and [5](#T5){ref-type="table"}). At 6 months 13/18 variables showed significant correlations ranging from -0.30 to 0.67. The corresponding values at 12 months were -0.35 to 0.64. An additional multiple regression analyses (results not shown) showed that SOC was the main factor explaining the outcome at 6 and 12 months, although age also influenced health (EuroQol), sleep disturbances (VAS) and physical functioning (SF-36).

Discussion
==========

One year after repair and reconstruction of a severe or major hand injury almost all self-assessed physical aspects of hand function, satisfaction in daily occupations, health and physical quality of life had improved. HISS was used to identify patients with a major or severe hand injury and is commonly used to assess the severity of a hand injury and to reflect long term outcomes \[[@B21]-[@B23]\]. A low or no improvement was observed for mental QoL, and cold sensitivity. Noticeably, few differences were found between participants with a severe or major hand injury or between participants with or without a major peripheral nerve injury. An injury to a major nerve trunk in the forearm and a complex hand injury seem to create fairly equal problems for hand function, the patient\'s daily occupation and quality of life. The results showed significant correlations between sense of coherence, quality of life, health, and satisfaction in daily occupations. Our results confirm the results from other studies showing correlations between mental health, and daily occupations \[[@B40]-[@B42]\]. However, the most surprising findings were the influence that sense of coherence had on the 54 self-assessed variables in the questionnaire.

There were numerous differences in outcome between patients with a high or low SOC. Patients with a high SOC generally assessed their situation in a more favorable way than patients with a low SOC score. In related areas, in patients with orthopaedic conditions with low SOC, signs of depression and less control over life were associated with a risk of having less positive clinical and functional outcome one year after the injury \[[@B19]\]. In primary health care, a low SOC had a significant effect on frequent attendance (a disproportional use of health care), possibly due to inadequate coping strategies \[[@B13]\]. Antonovsky \[[@B15]\] claimed that a person\'s SOC is stable when having reached adult age, which was why we only assessed this once and at 6 months when the acute phase was over but the patient still wasn\'t fully recovered in most cases. More recent research \[[@B18],[@B43]\] now suggest that it is possible to have different SOC scores according to different situation in life and that SOC may improve with intervention. It would therefore be of interest to use SOC in rehabilitation after hand injuries. Our findings seem to suggest that SOC in addition to patient\'s mental health needs to be considered further when planning rehabilitation of patients with serious hand trauma. Many different coping strategies and flexibility in using them seem to be important for a good and fast recovery \[[@B6],[@B44]\]. When SOC is known this can be yet another way to understand the patients\' coping ability. It can point out the need for extra patient support in order to assist in the rehabilitation process.

A prominent feature was that physical functioning (SF-36) improved from three to twelve months in the whole group up to the level of population norms. Furthermore, dexterity, sensibility, grip strength, and joint mobility all improved during the follow up. The aim of this study was not to examine the whole range of therapy that was performed with these patients, but knowing that mostly evidence based treatments were used in rehabilitation; thus, the present findings are not surprising. We found very few differences between patients with or without major nerve injury.

An important finding was that mental quality of life did not improve during the twelve month follow up and it did not reach the population norms. This shows the impact a severe or major hand injury has on the individual in contrast to a less severe injury, like a carpal tunnel syndrome \[[@B45]\]. In our study these severely injured patient\'s mental needs were not addressed enough. Emotional problems should be considered more in rehabilitation and questionnaires focusing on post traumatic stress syndrome and depression \[[@B46],[@B47]\] included in the standard and routine assessments.

Cold sensitivity did not improve over the 12 month period for the whole group. No difference was seen between patients with a high or low SOC or within the other subgroups. The short Cold Sensitivity Severity (CSS) scale to assess cold sensitivity was used. The test is not season specific and reflects a range of severity of exposure in the home. CSS was used as our focus was to get an overall perception of the phenomenon. If the purpose is to define abnormal sensitivity and find out details about recovery and strategies relieving symptoms, then a more detailed questionnaire, such as the Cold Intolerance Symptom Severity score (CISS), may be recommended \[[@B48]\]. Our results are not surprising in view of the fact that cold sensitivity does not change over a long follow up time (up to a mean of 73-120 months) after a peripheral nerve injury \[[@B49]\]. A routine single question on cold sensitivity should always be asked for screening of severity. Behavioural treatment of cold sensitivity can relieve symptoms \[[@B50]\] but most important is to offer patient information on reliving strategies to help adaptation for daily life \[[@B51]\].

To understand the consequences on daily occupations after a serious hand injury, two instruments, the SDO and the DASH, were used. The DASH score correlates with the hand injury severity score (HISS) \[[@B21]-[@B23]\]. Outcome, based on these instruments, improved during follow up, but the results differed statistically at 12 months for SDO between the groups with high or low SOC. Improvements during follow up in daily occupations after a hand or forearm injury are in accordance with other studies \[[@B52],[@B53]\]. The DASH score improved significantly over time (from median value 31 to 13), and an improvement of DASH with more than 10 points is considered clinically relevant \[[@B54]\]. Our results indicate that patients experienced less disability one year after the injury, but patients with low SOC experienced less satisfaction in daily occupations. Daily occupations is a complex construct and some instruments focus on doing a daily occupation (ability/disability), others on how the doing is perceived (satisfaction in daily occupation) and some concern both \[[@B28]\]. There is an important distinction between ability and satisfaction. Our recommendation is to include an assessment instrument focusing on satisfaction in daily occupations to assist the occupational therapist how to support the patients in a health promoting daily life. The SDO or Canadian occupational performance measure (COPM) \[[@B55]\] could be included in the standard and routine assessments.

Pain, as assessed by VAS, did not improve over the follow up. However, bodily pain improved, indicating that the pain may be located to the hand. Grip strength did also improve over the 12 month follow up with a slight difference between the two groups of severe or major hand injuries. Participants with a low SOC scored less grip strength on VAS at 3 months. In addition, dexterity differed at 3 and 12 months. A future rehabilitation goal is how to improve grip strength and dexterity for these patients. Therapeutic activities mimicking daily activities have been found to improve the hand more effectively \[[@B56]\]. We may consider focusing more on grip strength and dexterity after 3 months when tissues have healed and make specific suggestions how to improve the hand grip while using the hands in meaningful daily occupations.

We found no change in sleep disturbance over the 12 months period. On the other hand the median value for sleep disturbance was relatively low. However, the sleep disturbance was more pronounced in participants with a low SOC. This makes sense as persons with low SOC have more difficulties in coping with their injury. They may worry more, give up earlier and use ineffective problem-solving strategies \[[@B15]\]. In addition, the SF-36 revealed worse scores in all variables in participants with a low SOC. This might reflect other health problems than the hand injury \[[@B13]\] which may indicate the need for a more general rehabilitation strategy and not only concentrate on specific rehabilitation of the hand.

Study limitations
-----------------

The study sample was small, although we included patients for two years. Also the severity and the rather unique character of each individual\'s injury make it difficult to generalize to other groups of patients, and some of the results especially around SOC need to be studied further. SOC was for obvious reasons first measured after the injury had occurred and only measured once (after six months). When planning the study we argued that the SOC score after such a long time was both true and also stable according to Antonovsky\'s views \[[@B15]\]. Later research indicates that SOC may change and thus increase with age \[[@B43]\] and can improve with intervention \[[@B18]\]. If SOC changes because of a sudden injury, which is unclear, this needs to be studied in patients with a hand injury where a baseline SOC is available and can be followed up over the time of recovery. In addition, one has to consider that these patients, all with severe or major injuries according to HISS, received individualized treatment of their specific injuries, which may also influence the outcome. For rehabilitation reasons it is of outmost interest that SOC in longitudinal studies has shown a comparatively high predictability \[[@B43]\], although there is still a problem with interpreting the individual position on the SOC scale on the healthy/unhealthy continuum. In this study the median value of SOC was used as a cut point for later analysis of the whole group, but this value should not be considered a generalized recommended cut point for screening individuals. It can however add to the already existing knowledge of mean values in different patient groups and patients with \"lower\" scores can be identified for more intense support during the rehabilitation process. We chose a significance level of p ≤ 0.05, but if a stricter significance level p ≤ 0.01 is chosen there were still significant differences between high/low SOC subgroups in outcome.

Conclusion
==========

Most physical aspects of hand function, satisfaction in daily occupations, and health improved a year after repair and reconstruction among all participants with a severe or major hand injury, while mental health improved marginally and cold sensitivity did not improve at all. The perceived physical health-related quality of life (SF-36) approached the population norms in Sweden, particularly for participants with a high SOC. Participants with low SOC showed significantly lower satisfaction in daily occupations, higher disability (DASH), lower mental QoL, more sleep disturbances, and bodily pain. We conclude that SOC had a significant influence on participants with a severe or major hand injury and our results indicate that sense of coherence is an indicator for future rehabilitation focus. Patients with lower SOC may have inadequate coping strategies and need extra support and help to master their daily life after a serious hand injury. These patients may need more meticulous and guided rehabilitation, such as developing and using more coping strategies in their daily activities. They may benefit from more frequent visits and follow-ups, by using both verbal and written patient-information and education, participation in rehabilitation groups to meet other patients in the same situation and also meeting expert personnel focusing on their mental health.
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